1. Background {#sec116820}
=============

Type 1 diabetes (T1D) is an organ-specific, autoimmune, common chronic disease of children and young adults ([@A28380R1], [@A28380R2]). It results from an autoimmune CD4+ and CD8 + T-cell-directed destruction of insulin-producing pancreatic islet β cells, causing irreversible hyperglycemia and various other complications. This autoimmune response involves both the cellular and humoral arms of the immune system; however, cell-mediated processes prevail. The initiating event remains unknown ([@A28380R3]-[@A28380R5]). It is a genetically determined disease as proved by family studies on disease concordance among siblings. The probability to have the disorder appeared to be approximately 40% for monozygotic and 5% for dizygotic siblings. However, if the latter are HLA-identical, this number increases to 20% ([@A28380R1]).

Type 1 Diabetes is a polygenic disease that develops due to interaction between environmental and genetic factors ([@A28380R6], [@A28380R7]). About eighteen regions of the genome, mapped to the loci IDDM1 to IDDM18, have been linked with the risk of T1D; of these, the human leukocyte antigen (HLA) region (identified as IDDM1) accounts for more than half of the genetic susceptibility to T1D ([@A28380R1], [@A28380R8]-[@A28380R10]). These facts indicate a substantial role for HLA in the immunopathogenic processes leading to disease development. Differences in HLA genes have been found to be genetic risk factors for T1D; yet, they themselves do not cause the disease when other key genes are involved ([@A28380R11], [@A28380R12]). Over the past 40 years, research investigations have focused not only on the determination of alleles of the HLA genes, which account for the association with T1D, but also on other genetic loci, in addition to HLA, which contribute to the risk of T1D; dozens of such loci have been discovered to show associations with T1D ([@A28380R13], [@A28380R14]).

Human leukocyte antigen has an important role in self/non-self-recognition, and includes highly polymorphic class I (HLA-A, -B and -C), class II (HLA-DP, -DQ and -DR) and class III loci, each of which are subdivided to distinct regions ([@A28380R12], [@A28380R15]). Genetic mapping of these regions in HLA class II shows that the most important genes are DQB1 and DRB1. Alleles of the DQB1 gene are often associated with alleles of the DRB1 gene, and variants of both or either gene may confer an increased risk of diabetes ([@A28380R16]). More than 315 alleles of HLA-DRB1 have been discovered, constituting the most polymorphic protein-encoding region of the human genome ([@A28380R17], [@A28380R18]). The contribution of specific HLA haplotypes toward T1D susceptibility depends on the ethnic/racial background ([@A28380R10], [@A28380R19]). This indicates that the association of a specific class II allele and DRB1-DQB1 haplotype with T1D risk must be evaluated in the context of specific ethnic/racial backgrounds ([@A28380R19], [@A28380R20]). According to the above points, the current study was the first molecular report on the association of the DR3-DQ2 haplotype of HLA class II with T1D in East Azerbaijan state of Iran.

2. Objectives {#sec116821}
=============

Comparative analysis of the HLA class II DR and DQ alleles and haplotypes has revealed differences in the distribution of these alleles among different ethnic groups and has reflected ancient and recent admixtures between different populations ([@A28380R21]). This study investigated the influence of DR3-DQ2 haplotype on T1D with complete molecular genotyping: the allele and haplotype frequencies of HLA-DRB1\*0301, DQA1\*0501 and DQB1\*0201 are presented, which can also be useful as basic data for anthropology and disease association studies.

3. Patients and Methods {#sec116826}
=======================

3.1. Subjects {#sec116822}
-------------

This study was a case-control study. The number of samples was determined using the following Cochran formula (**[Equation 1](#EQ3427){ref-type="disp-formula"}**):
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Eighty unrelated T1D patients, including 42 (52.5%) females and 38 (47.5%) males, were randomly recruited from the East Azerbaijan state of Iran. In addition, 80 control subjects with normal fasting/random blood glucose levels and no family history of T1D or other autoimmune diseases were included in this study. To compare the two independent groups, t-test was used due to the normality of the data. Because of the presence of more than one observer, kappa coefficient was also calculated ([Table 1](#tbl30056){ref-type="table"}). It should be noted that all obtained data by this study were analyzed by the Epidemiology and Biostatistics Center of Tabriz University of Medical Sciences.

###### Characteristic of Type 1 Diabetes Patients and Normal Subjects ^[a](#fn30082){ref-type="table-fn"}^

  Total Numbers               Patients (n = 80)   Control (n = 80)   (For Comparison Between Control and Patient Groups)
  --------------------------- ------------------- ------------------ -----------------------------------------------------
  **Gender**                                                         
  Female                      42 (52.5%)          41 (51.25%)        0.44
  Male                        38 (47.5%)          39 (48.75%)        
  **Mean age, y**             13.33 ± 1.37        11.17 ± 2.65       0.81
  **Family history of T1D**   \-                  \-                 
  **FBS, mg/dL**              130 ± 4             98 ± 2             0.043 ^[b](#fn30083){ref-type="table-fn"}^
  **LDL-C**                   143                 98                 0.039 ^[b](#fn30083){ref-type="table-fn"}^
  **HDL-C**                   42                  53                 0.048 ^[b](#fn30083){ref-type="table-fn"}^
  **TG**                      232                 127                0.012 ^[b](#fn30083){ref-type="table-fn"}^
  **Total cholesterol**       203                 155                0.032 ^[b](#fn30083){ref-type="table-fn"}^
  **Cr**                      0.9                 0.5                0.067
  **HbA1C**                   6.50%               5%                 0.07

^a^ Abbreviations: Cr, Creatinine; FBS, Fasting blood sugar; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; TG, Triglyceride.

^b^ The difference was significant at the 0.05 level.

Type 1 Diabetes was diagnosed by a consultant endocrinologist according to glycemic criteria of the American diabetes association (ADA) guidelines ([@A28380R22]), i.e. elevated fasting glucose levels (≥ 7.0 mmol/L (126 mg/dL) and two-hour plasma glucose ≥ 11.1 mmol/L (200 mg/dL)). Glucose measurement was carried out on the Roche/Hitachi 911 device. For avoiding instrumental error, all equipment were calibrated before use. [Table 1](#tbl30056){ref-type="table"} shows the characteristic of T1D patients and normal subjects.

3.2. Ethics {#sec116823}
-----------

This study was approved by the regional committee of ethics of the Tabriz university of medical sciences by issue number 2.2-2/92 on the 16^th^ of August 2013. Written informed consent was obtained from the parents of all the children who participated in this study. All of the authors of this research confirmed that the patients\' privacy was protected and the entire process was done with a prior written consent.

3.3. Human Leukocyte Antigen Genotyping {#sec116824}
---------------------------------------

Total genomic DNA was extracted from the peripheral blood cells of study participants using the salting-out method. Polymerase Chain Reaction-Sequence-Specific Priming (PCR-SSP) technique by a thermocycler (Eppendrof) was used for genotyping of DRB1\*0301, DQA1\*0501, and DQB1\*0201 haplotypes, as described ([@A28380R23]). Sequences of primers (Macrogen) are shown in [Table 2](#tbl30057){ref-type="table"}. The PCR products were analyzed by agarose gel electrophoresis (PEQlab) using 1% (w/v) agarose (Cinnagen) gel, and visualized by staining with the simply blue safe stain (Fermentas).

###### Sequences of Primers and Human Leukocyte Antigen Allele Distribution in Subjects with Type 1 Diabetes and Control ^[a](#fn30084){ref-type="table-fn"},[b](#fn30085){ref-type="table-fn"}^

  Sequences of Primers        Product Size    T1D             Control         OR     Kappa   95% CI
  --------------------------- --------------- --------------- --------------- ------ ------- -------------
  **DRB1\*0301**                                                                             
  F: TACTTCCATAACCAGGAGGAGA   151 bp          \+ :66 (82.5)   \+ :9 (11.3)    37.2   0.189   15.1 - 91.7
  R: TGCAGTAGTTGTCCACCCG      \- :14 (17.5)   \- :71 (88.8)                                  
  **DQA1\*0501**                                                                             
  F: ACGGTCCCTCTGGCCAGTA      186 bp          \+ :66 (82.5)   \+ :29 (36.3)   8.3    0.181   4.0 - 17.3
  R: AGTTGGAGCGTTTAATCAGAC    \- :14 (17.5)   \- :51 (63.8)                                  
  **DQB1\*0201**                                                                             
  F: GTGCGTCTTGTGAGCAGAAG     205 bp          \+ :65 (81.3)   \+ :28 (35)     8.1    0.19    3.9 - 16.6
  R: GCAAGGTCGTGCGGAGCT       \- :15 (18.8)   \- :52 (65)                                    

^a^ Abbreviations: CI, Confidence interval; OR, Odds Ratio.

^b^ P Value = 0.0001.

3.4. Data Analysis {#sec116825}
------------------

For haplotype analysis, the logistic regression model was used. Data were analyzed using the STATA11 statistical software package (STATA Corporation, Texas). For preliminary descriptive statistics, variant analysis was done using chi-square test and calculation of odd ratios (ORs) with 95% confidence interval (CI). The calculated ORs presented the likelihood of developing T1D for subjects with minor alleles compared to major alleles. P values were also reported. P values of \< 0.05 were considered statistically significant. All the tests involved a tailed analysis.

4. Results {#sec116830}
==========

4.1. Association of the Alleles drb1\*0301, DQA1\*0501 and DQB1\*0201 with Type 1 Diabetes {#sec116827}
------------------------------------------------------------------------------------------

Allele frequencies of HLA-DRB1\*0301, DQA1\*0501 and DQB1\*0201 in T1D patients and healthy controls are shown in [Table 2](#tbl30057){ref-type="table"}. The DRB1\*0301 (82.5% vs. 11.3%), DQA1\*0501 (82.5% vs. 36.3%) and DQB1\*0201 (81.3% vs. 35%) alleles had higher frequencies among patients compared to controls. [Figure 1](#fig22339){ref-type="fig"} displays a representative gel picture of DQA1\*0501 PCR-SSP result.

![DQA1\*05 Gel Image\
C + was the positive control. C1 to C3 were the samples. The larger band was the internal control of PCR and it was the product of specific primers for the third intron of the DRB1 gene. The smaller sized band (186 bp) was the specific primer for the DQA1 \* 05 allele.](ircmj-17-09-28380-g001){#fig22339}

4.2. Association of the Haplotype DRB1\*0301-DQA1\*0501 with Type 1 Diabetes {#sec116828}
----------------------------------------------------------------------------

The association of DRB1\*0301-DQA1\*0501 haplotype with T1D was investigated, and four haplotype frequencies were calculated. The most frequent haplotype, DRB1\*0301 ^+^ -DQB1\*0302 ^+^ (OR = 0.78, 95% CI = 243.01 ± 453), was used as a reference haplotype for the calculation of ORs. All information about the various haplotypes is shown in [Table 3](#tbl30058){ref-type="table"}.

###### DRB1\*0301-DQA1\*0501 Frequency and Haplotype Associations with Type 1 Diabetes ^[a](#fn30086){ref-type="table-fn"}^

  Haplotypes                                       Frequency   OR     95% CI
  ------------------------------------------------ ----------- ------ --------------
  **DRB1\*0301** ^**-**^ **-DQA1\*0501** ^**-**^   0.01        \-     \-
  **DRB1\*0301** ^**-**^ **-DQA1\*0501** ^**+**^   0.05        3.77   1.09 ± 4.03
  **DRB1\*0301** ^**+**^ **-DQA1\*0501** ^**-**^   0.09        5.42   2.51 ± 16.96
  **DRB1\*0301** ^**+**^ **-DQA1\*0501** ^**+**^   0.85        0.78   243.01 ± 453

^a^ Abbreviations: CI, Confidence interval; OR, Odds Ratio.

4.3. Association of the Haplotype DRB1\*0301-DQA1\*0501-DQB1\*0201 with Type 1 Diabetes {#sec116829}
---------------------------------------------------------------------------------------

The association of the DRB1\*0301-DQA1\*0501-DQB1\*0201 haplotype with T1D was investigated, and four haplotype frequencies, the haplotype associations and related ORs were calculated ([Table 4](#tbl30059){ref-type="table"}). The most frequent haplotype (DRB1\*0401 ^+^ -DQB1\*0302 ^+^ -DQA1\*0301 ^+^) was used as a reference haplotype for the calculation of ORs.

###### DRB1\*0301-DQA1\*0501-DQB1\*0201 Frequency and Haplotype Associations with Type 1 Diabetes ^[a](#fn30087){ref-type="table-fn"}^

  Haplotypes                                                                Frequency   OR     95% CI
  ------------------------------------------------------------------------- ----------- ------ -------------
  **DRB1\*0301** ^**-**^ **- DQA1\*0501** ^**-**^ **-DQB1\*0201** ^**-**^   0.04        \-     \-
  **DRB1\*0301** ^**-**^ **- DQA1\*0501** ^**+**^ **-DQB1\*0201** ^**-**^   0.05        1.81   1.27 ± 6.65
  **DRB1\*0301** ^**-**^ **- DQA1\*0501** ^**-**^ **-DQB1\*0201** ^**+**^   0.06        4.68   2.68 ± 6.51
  **DRB1\*0301** ^**+**^ **- DQA1\*0501** ^**-**^ **-DQB1\*0201** ^**-**^   0.05        2.40   1.27 ± 3
  **DRB1\*0301** ^**+**^ **- DQA1\*0501** ^**+**^ **-DQB1\*0201** ^**+**^   0.8         3.4    1.91 ± 3.2

^a^ Abbreviations: CI, Confidence interval; OR, Odds Ratio.

5. Discussion {#sec116831}
=============

Type 1 Diabetes is the consequence of progressive and selective destruction of pancreatic β cells by an immune-mediated process, leading to a lack of insulin. It has been well established that this self-destruction is primarily provoked by the activation of auto-reactive T lymphocytes by the production of T-helper 1 cytokines ([@A28380R24]). In addition, the difference of the epidemiological data from one region to another could largely explain why the release of the autoimmunity is stimulated under the influence of one or more environmental factors, in genetically predisposed subjects. It is currently obvious that the strongest genetic susceptibility of predisposition is allotted to the IDDM1 alleles located in the HLA locus of the chromosome 6p21, and the non- HLA alleles, particularly the IDDM2 polymorph gene located in the region 5' of the insulin gene (INS) promoter situated on chromosome 11p15 ([@A28380R25]). Previous studies showed that inheriting certain alleles of the HLA class II genes increases the probability of destruction of body's healthy cells by the immune cells ([@A28380R1]).

Associations between HLA alleles and T1D began to be documented in many societies in the 1970s, first by serology and later by the use of molecular tools ([@A28380R26], [@A28380R27]). Common and unique DRB-DQB haplotypes conferring susceptibility to and protection against T1D were identified in each community; therefore, different HLA haplotypes have different effects on susceptibility to T1D, depending on the population under study ([@A28380R28]-[@A28380R30]). For example, certain HLA alleles, such as the DRB1\*0301-DQB1\*0201and DRB1\*040101-DQB1\*0302 haplotypes, increase the risk of T1D among Caucasians, while others like DRB1\*1501-DQB1\*0602 appear to provide protection against T1D in all populations. The current study aimed for further characterization of the extended HLA haplotype DRB1\*0301-DQB1\*0201-DQA1\*0501, to identify the genetic susceptibility to T1D among the East Azerbaijan state population of Iran. Therefore, the frequencies of DRB1\*0301, DQA1\*0501, and DQB1\*0201alleles and their haplotypes were analyzed in T1D patients and normal controls from this part of Iran to assess the contribution of HLA class II genes to T1D susceptibility. The findings of the current study showed that all three alleles are associated with T1D. The DRB1\*0301 allele frequency distribution was higher among the patients. Based on the results mentioned above, it can be concluded that there is a highly significant association between these studied alleles and T1D. It can be construed that HLA-DR3-DQ2 haplotype has a very modest effect with respect to the risk of T1D. The information of this research study can also be useful as basic data for anthropology and disease association studies.

While considering the impact of the findings in the current study, important limitations must also be regarded. First, this study was a single-center case-controlled study, and subsequent investigations employing a larger number of patients and controls would be useful for confirming the role of these alleles and their haplotypes in T1D risk. In other words, we are reaching the limits of statistical power, thus further work using larger sample sizes is required to unravel the T1D association in this region. Second, the association between the DR3-DQ2 haplotype and T1D was observed among subjects from the East Azerbaijan state of Iran. Finally, further studies are required to clarify this association among populations in different regions of Iran.
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